Appendicitis is the most common cause of emergency abdominal surgeries in children. Ultrasound (US) has been proven to be a helpful imaging modality in patient evaluation, especially in children suspected of appendicitis. The Alvarado score is a 10-point scoring system for the diagnosis of appendicitis based on clinical data and differential leukocyte count. The aim of the present study was to evaluate a combination of clinical scoring (Alvarado score) and US findings for accurate diagnosis of appendicitis in children. The study was done in Menoufia University Hospitals from March 2011 to January 2013. 322 children with abdominal pain clinically suspected of having appendicitis were included in the study and clinically assessed to calculate the Alvarado score. Patients were referred to the radiology department for abdominal US. Among the 153 of the 322 patients who were operated on, 149 patients were diagnosed pre-operatively with acute appendicitis and 4 girls were diagnosed with complex ovarian cysts. Of the 149 patients diagnosed with appendicitis, the percentage of appendicitis was 93% (139/149) and 10 (7%) patients had normal appendix. The prevalence of appendicitis among the patients of the study was 43% (139/322). In conclusion, a combination of Alvarado scores and abdominal US is a good approach for the diagnosis of appendicitis in children to reduce the number of laparotomies for normal appendix. In the case of normal appendix or nonvisualization of the appendix via abdominal US without a high Alvarado score, appendicitis can be safely ruled out. If it is proven as an inflamed appendix on US or a high Alvarado score, patient should be subjected for appendectomy without delay. 
Introduction
Acute appendicitis in children and adolescents is the most common cause of emergency abdominal surgeries [1, 2] . Symptoms of appendicitis overlap with a number of other conditions, thus making diagnosis a challenge especially at an early stage of presentation [3] . The challenge is that it is difficult to obtain a clear history in children as not all patients present classical symptoms and many disorders of the gastrointestinal tract mimic acute appendicitis [4] . Acute appendicitis remains a clinical diagnosis but when the diagnosis of acute appendicitis is difficult, abdominal ultrasound (US) has been proven to be a helpful imaging modality in patient evaluation, especially in children suspected of appendicitis [5, 6] .
There are several methods to assist the diagnosis of acute appendicitis other than US: laparoscopy, scoring systems such as the Alvarado score, computed tomography (CT) and magnetic resonance imaging (MRI) [7] [8] [9] [10] . According to literatures, sensitivity and specificity of CT in diagnosing appendicitis is higher than US [11, 12] . However, due to long-term risk of ionizing radiation, CT should not be the preferred imaging method, especially in children. Moreover, the high cost limits the use of CT scan as a routine imaging modalities for the diagnosis of acute appendicitis [13] . MRI is also associated with disadvantages including cost, time and potential need for sedation to obtain an accurate result [14] .
Graded compression US is the least expensive and least invasive method that has been reported to have an accuracy of 70%-95% [15] . Strategies to increase the utility of US as a diagnostic tool for appendicitis are desirable to reduce radiation exposure and to decrease the cost, but US has its challenges as well. Appendix visualization rates vary and US exhibits significant user dependency [16] .
The Alvarado score is a 10-point scoring system for the diagnosis of appendicitis based on clinical signs, symptoms and differential leukocyte count [17] . The Alvarado score was originally designed more than two decades ago as a diagnostic score. However, its performance and appropriateness for routine clinical use is still unclear [18] . Therefore, the purpose of this study was to evaluate the use of US findings combined with Alvarado scores in diagnosing children with suspected appendicitis.
Materials and methods
This was a prospective study done in Menoufia University Hospitals from March 2011 to January 2013. 322 children (below 18 years old) with acute abdominal pain (acute onset < 3 days) and clinically suspected of having acute appendicitis were included in the study. They were clinically assessed for Alvarado score calculations, and their blood samples were taken for routine laboratory investigations including complete blood count (CBC), liver and kidney profiles. Patients were then referred to the department of radiology for abdominal US. The subject group (N = 322) included 149 boys and 173 girls with a mean age of 11.3 years (age range: 4-16 years). Prior to the inclusion of the patients in the study, an ethical clearance was sought from the competent authority of Menoufia University Hospitals. Written informed consent was obtained from the patients' guardians for publication of this report and any accompanying images.
Alvarado scores ( Table 1) were calculated and patients were classified into three groups according to the score: (i) low Alvarado scores (Alvarado score ≤ 4); (ii) moderate Alvarado scores (Alvarado scores 5 and 6); (iii) high Alvarado scores (Alvarado score ≥ 7).
After the calculation of their Alvarado scores, patients were referred to a radiologist for abdominal US. The entire abdomen was examined with a 4 MHz curved-array transducer and the right lower quadrant of the abdomen with a 10 MHz linear-array transducer. All abdominal organs were examined and graded compression of the right lower quadrant of the abdomen was used. The radiologist had no information on patients' Alvarado scores. Patients were classified according to the results of the abdominal US in four groups: group 1 with normal visualized appendix (diameter < 6 mm); group 2 with appendix not visualized but without secondary signs of appendicitis (i.e., local fluid collections or local dilatation of the bowel without peristalsis (Figure 1) , indicating focal peritonitis or increased echogenicity of the surrounding mesenteric fat); group 3 with appendix not visualized but one or more of the secondary signs of appendicitis were present; and group 4 having appendicitis with visualization of an inflamed appendix (Figure 2 ) or perforated appendicitis (Figure 3) . Criteria for the US diagnosis of inflamed appendix included identification of the appendix as a fluid-filled, non-compressible, blindended tubular structure with diameter ≥ 6 mm ( Figure 4) and hyperemia of the wall of the appendix ( Figure 5 ). US findings in perforated appendicitis were target signs ( Figure 6 ) and tubular structures with inhomogeneous structures and/or missing layers in the wall. Other diagnoses found during US were also recorded. 
Signs Score
Tenderness in the right iliac fossa 2
Rebound tenderness in the right iliac fossa 1
Elevated temperature 1

Laboratory findings Score
Leukocytosis 2
Neutrophils shifted to the left 1
Total 10
After clinical examinations, calculation of Alvarado scores, laboratory investigations and abdominal US, patients were either discharged (Alvarado score ≤ 4 in US groups 1 and 2) with follow-up appointments in the outpatient clinic after one week and instruction to return if pain recurs; subjected to appendectomy (high Alvarado score ≥ 7); or admitted for 24-hour observation (patients with moderate Alvarado scores of 5 and 6, or patients with low Alvarado scores from US groups 3 and 4), after which they were re-evaluated. All patients were followed-up weekly for two months. We considered the results as negative for appendicitis when patients' complaints were either resolved upon re-evaluation in the outpatient clinic, patients did not go to another hospital during followup, patients had a successful response to conservative treatment of an alternative diagnosis, or when patients were already operated on and the presence of normal appendix was proven as operative finding and/or pathological. We excluded patients who could not come to the outpatient clinic for follow-up and re-evaluation.
Ethics Statement
Prior to the inclusion of the patients in the study, an ethical clearance was sought from the competent authority of Menoufia University Hospitals. Written informed consent was obtained from patients' guardians for publication of this research and any accompanying images.
Results
The study included 322 patients with suspected acute appendicitis based on their Alvarado scores. Patients were classified into three groups( as shown in Table 2 ):
Low Alvarado scores (Alvarado score ≤ 4): 153 children were sub-classified according to US findings with 47 patients from group 1, group 2 with 102 patients, and group 3 that included 4 patients. All patients with low Alvarado scores from US groups 1 and 2 were given expectant treatments or conservative treatments, and discharged with appointments in the outpatient clinic after one week. Patients were informed to return if pain recurs at any time. All of them came for the followup appointment with no complaints. In the US group 3, 2 girls showed complex right ovarian cysts with right iliac fossa collection and were operated for that diagnosis. The remaining 2 patients were admitted for observation: 1 patient was operated (proven intraoperatively to have acute appendicitis) due to the persistence of symptoms and increased leukocyte count after 24 h, while the other patient was discharged after 24 h observation and was free from pain on conservative treatment .
Moderate Alvarado scores (Alvarado scores 5 and 6): 32 patients, with no patient from group 1 and 21 patients from group 2 -of which 2 girls were diagnosed with complex ovarian cysts on US and were operated on. The remaining 19 patients were admitted for follow-up and re-assessed after 24 h. 17 patients were relieved of pain and discharged with a follow-up appointment after one week. 2 patients were re-assessed and their Alvarado scores became more than 7, and were therefore suggested for appendectomy. Operative findings and pathology proved acute appendicitis in 1 patient and the other had normal appendix. 11 patients from groups 3 and 4 were admitted for 24 h follow-up and re-assessed within 24 h. 2 were relieved of pain and discharged with a follow-up appointment after one week while 9 patients had re-assessment scores of more than 7 and were suggested for appendectomy. Operative findings and pathology proved acute appendicitis in 5 patients and normal appendix in 4. and with the evolution of imaging tools such as the US, CT scan and MRI.
Diagnosis of acute appendicitis remains a clinical skill. However, both US and CT have been reported to improve accuracy in the diagnosis of acute appendicitis [20] . CT scan rates for the diagnosis of acute appendicitis have been increasing nationally [21, 22] . Although CT is reported to have a higher sensitivity than US, ongoing concerns have been raised regarding radiation exposure and increased costs associated with CT scans [12] . Projections estimated that a solid cancer will result at a rate of 25.8 to 33.9 cases per 10,000 abdominal CT scans in girls and, 13.1 to 14.8 cases per 10,000 abdominal CT scans in boys [23] . Furthermore, high costs and the need for sedation would limit the use of CT and MRI for diagnosing appendicitis in children. Strategies to increase the use of US as a diagnostic imaging tool for acute appendicitis are desirable to reduce radiation exposure and decrease costs. However, US has its own challenges as well.
Appendix visualization rates vary and US has the disadvantage of user dependency [15] . In a 2010 systematic review, the authors reviewed studies published during the period between January 2000 to March 2007 and found that the sensitivity of US for the diagnosis of acute appendicitis in children varied between 78% and 100%, and the specificity from 88% to 98% [24] . Recent studies have reported sensitivity of 91% to 99% and specificity of 97% to 98% [15] . In this study, the diagnostic accuracy of US for clinical diagnosis of acute appendicitis was as follows: sensitivity, 97.0% (132/136); specificity, 94.4% (176/186); positive predictive value, 92.9% (132/142); negative predictive value, 97.0% (176/180); and accuracy, 95.6% (308/322).
In diagnosing acute appendicitis, surgeons balanced the risk of removing a normal appendix against the risk of perforation. The Alvarado score is a widely published 10-point clinical scoring system, a convenient tool for aiding the diagnosis of appendicitis and decrease the number of High Alvarado scores (Alvarado score ≥ 7): 137 patients, with no patient from group 1, 10 patients from group 2, and 127 patients from groups 3 and 4. All patients with high Alvarado scores were operated for appendectomy. 7 patients in group 2 had normal appendix and 1 patient in groups 3 and 4 each proved to have normal appendix in the operative finding.
153 patients were operated on. 149 patients were clinically diagnosed pre-operatively with acute appendicitis and 4 girls were diagnosed with complex ovarian cysts. Of the 149 patients diagnosed with acute appendicitis, the percentage of appendicitis confirmed upon surgery and/or pathology was 91.2% (136/149) while 13 (8.8%) patients had normal appendix. The prevalence of appendicitis among patients of the study was 42.2% (136/322). The diagnostic accuracy of US for clinical diagnosis of acute appendicitis was as follows ( as shown in 
Discussion
Acute appendicitis is one of the most common surgical emergencies within the pediatric age group [19] . It is now more acceptable to perform appendectomy on normal appendix with the availability of well-trained surgeons and nurses in hospitals appendectomies for normal appendix [25] . It is known by the mnemonic 'MANTRELS' and is scored as follows: right iliac fossa pain (1 point), anorexia (1 point), nausea or vomiting (1 point), right lower quadrant tenderness (2 point), rebound tenderness(1 point), elevated temperature ≥ 37.3°C (1 point), leukocytes ≥ 11 000 (2 points), and differential white blood cell count with 75% neutrophils (1 point) [26, 27] . Alvarado scores have been previously shown to be relatively sensitive and specific in adults with lower right quadrant pain. As a diagnostic tool for the diagnosis of acute appendicitis in the pediatric age group, a cut-off point of 5 points appeared to be fairly sensitive (99% in the systematic review by Ohle et al. [18] , and 89.7% in the study by Mandeville et al. [28] ). Scores of 7-10 have shown sensitivities ranging from 72% to 92% and specificities ranging from 64.4% to 82.0%. In this study, the diagnostic accuracy of Alvarado scores with a cut-off point of 6 for the clinical diagnosis of acute appendicitis was as follows: sensitivity, 92.8% (129/140); specificity, 95.6% (174/182); positive predictive value, 94.1% (129/137); negative predictive value, 94.0% (174/185); and accuracy, 94.2% (303/322).
We used Alvarado clinical scores combined with US findings to identify children with a high or low probability of appendicitis. In the present study, combining low grade Alvarado scores with US groups 1 and 2 (negative US findings) showed no false negative cases and diagnosis was accurate by 100%. Moreover, combining high Alvarado scores with US groups 3 and 4 (positive US findings), resulted in only one false positive case with an accuracy of 99.2% (126/127).
The limitation of this study was the lack of pathological diagnosis in patients for whom no appendectomy was performed. We considered the results as true negatives when patients come to the outpatient clinic with resolved complaints on reevaluation or if patients had a successful response to conservative treatment of an alternative diagnosis.
Conclusion
In conclusion, acute appendicitis was ruled out in patients with low Alvarado scores and negative US findings (US groups 1 and 2). Acute appendicitis was confirmed in patients with high Alvarado scores and positive US findings (groups 3 and 4) and appendectomy should be done without delay. Patients with low Alvarado scores and positive US findings or moderate and high Alvarado scores with negative US findings should be observed for 24 h and appendectomy is only done when manifestations persist. A combination of Alvarado scores and abdominal US is a good approach for the diagnosis of acute appendicitis in children, reducing the number of laparotomies for normal appendix.
